They observed that aortic arch of the rabbit displayed greater oxygen consumption than that of the remainder of this structure. The administration of epiuephrine, cortisone and growth hormone prior to sacrifice resulted in a decrease of activity of 13, 27 and 65 per cent respectively, in both segments studied. If interpolation of these results with the sites of predilection for atherosclerosis (after cholesterol feeding) in this species were made, one might conclude that such change is most pronounced in that portion associated with the greatest degree of oxygen consumption, notably the aortic arch.
Because of the paucity of studies concerning the respiratory activity of the aorta of the rabbit as well as the possible significance of such information in relation to the pathogenesis of atherosclerosis, it was considered worthwhile to study the QO2 of various segments of the normal rabbit as well as those of rabbits subjected to cholesterol feeding, renal hypertension, cortisone administration and combinations of these experimental states. The histological, histochemical and biochemical findings in these animals shall be reported in detail elsewhere.
Methods
Oxygen consumption was determined on portions of arch, thoracic and abdominal segments of aortas from 45 adult albino rabbits of both sexes and comparable ages by the standard Warburg mauometric technic utilizing Krebs-Ringer's solution containing 1 per cent glucose. Readings were obtained at 10-minute intervals over a 90-minute period. After thermobarometric correction, the determinations were converted to milliliter oxygen per gram wet weight of aortic tissue. Aortas were obtained from 12 untreated rabbits maintained on a commercial diet and water ad libitum; 5 that received 2 per cent cholesterol within their diet; 5 820 Circulation Research, Volume VIII, July 1960 that exhibited hyper/tension (115 to 160 mm. Hg), and 5 that received intramuscular injections of cortisone acetate (Cortone*). In addition, the aortas from 4 cholesterol-fed rabbits with hypertension (110 to 145); 4 with hyptertension (115 to 130) that received cortisone; 4 hypertensive, (120 to 140) cholesterol-fed animals receivingcortisone; and 6 that received cortisone as well as dietary supplements of cholesterol, as outlined above, were studied. Hypertension was induced by the method of Page 10 and blood pressure was measured by the ear capsule technic of Grant and Kothsehild. 11 Cortisone was administered daily for weekly periods alternating with similar time intervals during which no drug was given. The dosage employed wns 5 mg./day during the first week, 10 mg./day during the third and 15 mg./day during the fifth, seventh and ninth weeks of the experiment.
All animals were sacrificed by the rapid intravenous injection of 2 ml. pentobarbital 60 to 65 days after the start of cholesterol feeding, cortisone treatment and/or induction of hypertension. Their aortas were quickly removed and washed in ice cold isotonie saline before and after the removal of ndvcntitial adipose and connective tissue by blunt and sharp dissection. The aorta was then opened longitudinally and bisected so that one-half was available for the determination of QO 2 and the other for histological examination. Each was then separated into the following segments: arch (extending from immediately above the aortic
Circulation Research, Volume VIII, July 1060 valve to 1 cm. beyond the origin of the great vessels) ; thoracic (extending from the latter to the origin of the superior mesenteric artery) ; and abdominal (from the latter to the aortic bifurcation).
The degree of aortic atherosclerosis was graded as indicated in a previous report. 12 Briefly, it consists of arbitrarily grading the degree of aortic atherosclerosis encountered in each segment as follows. Patchy lesions involving less than one-half of a segment without elevation were considered grade 1. Those involving half or less than half of the aortic segment but with elevated and frequently confluent plaques were considered as grade 2. Those lesions considered as grade 3 were confluent, elevated and involved more than one-half of the segment.
Results As indicated in table 1, aortic QO 2 of untreated control rabbits was greater in the arch and abdominal segments than in the thoracic portion. No statistically significant difference between the arch and abdominal aorta was evident. The thoracic segment consistently revealed the lowest QO 2 in all groups studied, regardless of whether respiratory activity was generally increased or decreased as compared to normal. Both cortisone administration and hypertension were associated with a marked increase of respiratory activity and their combination resulted in the greatest increase ob-FISHER, (SELLER served. Respiratory activity also was increased greatly in cortisone-treated, hypertensive rabbits with cholesterol atherosclerosis. In addition, activity was notably greater in Ihe arch than it was in the abdominal portion, unlike the relative values obtained for these aortic segments in the control animals. On the other hand, a depression of respiratory activity was noted in rabbits with cholesterol atherosclerosis and those cortisone-treated animals also receiving a dietary supplement of cholesterol. The QO 2 could not be correlated with sex since too few animals were present in each group, although no difference was noted in the larger control group in which there were equal numbers of males and females.
The degree of aortic atherosclerosis was the greatest in hypertensive, cholesterol-fed rabbits. Atherosclerosis was negligible in cortisone treated, cholesterol fed rabbits, whereas that observed in cortisone-treated, hypertensive, cholesterol-fed rabbits was similar to that observed in norinotensive, untreated, cholesterol-fed animals. Hypertension, cortisone or their combination failed to produce discernible macroscopic alterations within the aorta in animals not receiving cholesterol in their diet. No distinct correlation between the degree of aortic atherosclerosis and QO^ or sex could be made for individual members of each group.
Discussion
Although our results indicate comparable degrees of respiratory activity for the arch and abdominal segment of the aorta of the normal rabbit, they do not essentially differ from those of Dury and associates" who observed the greatest activity in the arch. It should be noted that these investigators compared the activity of the arch with that of the remainder of the aorta. Appropriate mathematical interpolation of our data into just 2 aortic segments (arch and remainder) also reveals the arch to possess a significantly greater degree of activity than the remainder of the aorta. Also, Duiy and associates 9 observed depression of QOa in rabbits receiving cortisone which is unlike our findings relating a marked elevation of oxygen consumption to the administration of this agent. However, it is to be noted that in their study only 1 injection of cortisone was given 4 to 6 hours prior to sacrifice which is not comparable to the prolonged cortisone treatment utilized in this study. The recognition that hypertension results in a marked increase in aortic QO2 parallels the findings of Daly and Gurpide 13 in rats with humoral and renal hypertension. They related this effect to an increase of the proportion of muscle cells to connective tissue fibers as well as greater intracellular activity attendant with the hypertensive state. Hypertrophy of the smooth muscle elements of the aortic wall in hypertensive animals in this study was not outstanding. However, an increase of aortic ground substance observed previously 12 in the hypertensive rabbit was again observed in hypertensive animals in this study and may represent a morphological expression of increased activity on the part of cells responsible for its elaboration, notably aortic fibroblasts, and may represent a source of increased aortic respiration in the hypertensive state.
It is apparent that metabolic activity of the aorta may be profoundly altered by humoral agents as well as hypertension. Prolonged administration of cortisone markedly increased respiratoiy activity, and Briggs and associates 0 observed alterations in aortic oxygen consumption of hyperthyroid and hypothyroid rats. Further, cortisone as well as hypertension resulted not only in an increase of QOo in all segments of the rabbit aortas examined, but differed from that in the normal with a pronounced elevation in the arch suggesting that these modalities may have a certain degree of selectivity.
Despite these effects on aortic metabolism, no consistent relationship could be detected between these alterations and the degree of atherosclerosis actually encountered or expected in cholesterol-fed rabbits subjected to such experimental procedures. Indeed, it is of interest that in the normal rabbit QOo was comparable in the arch and abdominal segments whereas atherosclerosis following cholesterol feeding was severe in the former Circulation Research, Volume VIII, July l!>r,0 and negligible in the latter. Similarly, although cortisone, like hypertension, was observed to increase aortic QO 2 cholesterol-fed animals receiving cortisone exhibited less atherosclerosis than untreated cholesterol-fed controls, whereas hypertensive animals fed cholesterol exhibited a greater degree of atherosclerosis than the latter. Although QO? was depressed or approximated the normal in the aortas from animals with established atherosclerosis following cholesterol feeding, similar values were obtained in cholesterol-fed cortisone-treated rabbits in which atherosclerosis was negligible. In addition, markedly increased values were observed in cortisonetreated animals without dietary supplements of cholesterol. This information does not necessarily minimize the role of aortic metabolism in the pathogeuesis of atherosclerosis. However, it does indicate the necessity for the consideration of other factors, including those of the plasma, in the pathogenesis of this disorder in this species. It also suggests that the variations in metabolic activities reflected by the QO2 need not necessarily be those primarily concerned with the pathogenesis of aortic atherosclerosis.
Summary
In vitro estimation of aortic QO2 in normal rabbits revealed the thoracic portion to be lower than that of the arch and abdominal segments. These latter were not significantly different. Renal hypertension, cortisone administration and their combination with or without cholesterol feeding resulted in significant elevations of the oxygen consumption of all segments. The thoracic portion under these conditions was lowest and that of the arch was greater than that observed in the abdominal aorta. A depression of QO2 was observed in the aortas from normotensive rabbits subjected to cholesterol feeding with or without cortisone treatment.
Although these findings indicate that hypertension and cortisone may profoundly alter the metabolic activity of the aorta, they could not be correlated with the degrees of cholesterol atherosclerosis observed in the various experimental situations explored.
Summario in Interlingua
Estimationes in vitro del QO 2 ( = consumo de nil de O 2 per liora per g de peso humido) del aorta del conilio revelava plus basse valores in le portion thoracic que in le arco e le segmento abdominal. Le valores pro le arco e pro le segmento abdominal 11011 differeva signifieativemente. Hypertension renal, administration de cortisona, e le combination de istosin le presontia si ben como in le absentia de alimentation a cholesterol-rosultava in significative angmentos del consumo de oxygeno in 011111c le scginentos. Sub isto conditiones, le valores pro le segmento thoracic esseva le plus basse; illos pro le arco essova plus alte que illos observate in le segmento abdominal. "On depression de QO 2 esseva observate in le aortas de conilios normotensive subjicite al effectos de cholesterol dietari, con 0 sin tractamonto a cortisona.
Ben que iste constatationes indica que hypertension e cortisona pote evocar 1111 profunde alteration del aetivitate metabolic del aorta, il non esseva possibile establir un correlation con le grados de atherosclerosis per cholesterol in le varie situationes experimental explorate in iste studio.
